Access to safe water is a crucial factor in determining environmental sustainability, public health, and economic prosperity. Endocrine disrupting compounds (EDCs) are an environmental contaminant of growing concern, which undermine the safety of drinking water. The potential health issues of EDCs are not fully understood yet due to there being relatively scarce research on their exposure and associated risks via drinking water consumption. Because of ineffective drinking water supply systems and unknown risk perceptions of EDCs in drinking water, the role of perceived risks in ensuring access to safe drinking water remains unknown, contributing to the occurrence of such potential risks in the global water system. Integrating preventive measures with a multibarrier approach to safe drinking water is highly challenging because of the relatively low public awareness and political responsibility, as well as the nature and characteristics of EDCs themselves. In addition to reviewing the occurrence and publicperceived risks of EDCs in drinking water, this article focuses on building bases of knowledge and awareness for a better understanding of drinking water quality issues relative to the hazards surrounding EDCs from the perspectives of human exposure and health risk. A conceptual model illustrates the factors that potentially influence risk perception on drinking water quality in regard to not only EDCs but also other issues. Ensuring safe access to drinking water requires interventions that incorporate risk communication and governance, providing insights into political, economic, social, and environmental changes. 
INTRODUCTION
Safe drinking water safeguards public health, as drinking water is a potential source of human exposure to pollutants. However, the focus has predominantly been on the concerns related to the occurrence of contaminants in the natural environment, and these contaminants have primarily arisen from industrial origin since the beginning of the Industrial Revolution in 1784. Water sources, such as rivers, are a convenient way to dispose of industrial waste, and groundwater is often contaminated via leaching from dumping sites, contributing to waterborne diseases. The occurrence of emerging organic contaminants, particularly endocrine disrupting compounds (EDCs) in drinking water, was resurrected as a major concern in the mid-1970s after the first mention in 1965, yet there were few studies after the mid-1970s. 1 Scientific efforts were focused on other environmental contaminants such as heavy metals (e.g., lead, which is regarded as the oldest global contaminant) before the potential environmental impacts of EDCs as contaminants emerged as a widespread concern. Currently, the impacts of most commonly known pollutants and newly added pollutants are not well understood, and their effects on the ecosystem and human health are particularly unclear. Meanwhile, most of the studies that have been reported thus far are case studies on the presence and risk of EDCs in aquatic systems and treatment plants (wastewater and water). [2] [3] [4] [5] Currently, occasional legislative and policy enactments in countries throughout the world have demonstrated the challenges related to achieving water security to ensure better quality and healthier lives, regardless of their development level. The number of water and health-related issues is expected to increase due to ongoing natural disasters (extreme events triggered by global warming phenomena) and anthropogenic hazards (oil spills and discharge under industrial as well as domestic activities) (Fig. 1) . The subsequent potential outbreaks of waterborne diseases and the increasing number and occurrence of emerging organic contaminants challenge the regulatory agencies responsible for the creation of legislation and policies. Concurrently, regulatory efforts are only required to ensure and maintain the good health and well-being of residents in regard to a safe drinking water supply. Unlike tap water, processed bottled water has been commonly regulated as food, such as in the European Communities (Hygiene of foodstuffs) Regulations and the United States (US) Federal Food, Drug, and Cosmetic Act. With the adoption of sustainable development goals by the United Nations, most countries have become committed to providing a safe drinking water supply, thereby safeguarding public health for all by 2030. In the contexts of safely managed drinking water and sanitation services, the quality of a drinking water supply that is free from priority chemical contamination forms part of the concern. Additionally, the United States Environmental Protection Agency (US EPA) has published a list of priority drinking water contaminants for regulatory consideration. The Contaminant Candidate List includes endocrine disruptors such as pesticides and pharmaceuticals (veterinary and human).
Despite the challenges in determining environmental EDCs at trace concentrations, multiclass EDCs have increasingly been monitored in widespread locations worldwide (Fig. 2) . [6] [7] [8] [9] A variety of EDCs have been observed in the treated drinking water supply throughout the world, particularly in tap water from as low as 0.2 ng/L to as high as 5510.0 ng/L, while a maximum concentration (28,000.0 ng/L) was observed in drinking water from the wells in India. Apparently, this relatively incomplete removal has been due to the broad behaviors of varying EDC loadings, and even advanced treatments and remediation may have been ineffective. Thus, the public is inadvertently exposed to EDCs via drinking water consumption; moreover, the associated risks may have been underestimated and unknown and remain to be investigated. The risk of exposure to inorganic contaminants, such as heavy metals and arsenic in drinking water, is predominantly given high priority, especially in many developing countries. [10] [11] [12] Nevertheless, it is not a common international practice to regulate or provide guidelines for EDCs in drinking water, indicating that there are knowledge gaps and undervalued perspectives on the potential occurrence of EDCs in drinking water and the health risks associated with EDCs via drinking water consumption. The growing concern regarding EDCs is limited to their environmental risks and occupational health and safety risks, whereas the perceived risks of EDC exposure via drinking water consumption remain unknown.
A review of the existing drinking water regulations revealed that the commonly regulated drinking water quality parameters include microorganisms, radioactive particles, physical properties, and chemical contents (e.g., inorganic chemicals, organic chemicals, disinfectants, and disinfection byproducts) (Fig. 1) . Organic pollutants, such as pesticides, petroleum products, and solvents, have been greatly explored and developed. Nonetheless, the World Health Organization (WHO) has revealed that the WHO guidelines for drinking-water quality are inadequate based on the current exposure levels to EDCs in drinking water. 13 Comparatively, the current databases (i.e., monitoring data, treatment processes, metabolism, and associated risks) and regulations (usage and/or manufacturing controls, discharge and/or disposal practices, environmental quality standards, and drinking water regulatory compliance) of emerging EDCs may be inadequate for governing and mitigating EDCs to protect the environment and ensure access to safe drinking water.
The lack of databases represents a knowledge gap that is pertinent to the involvement of the public and government in regulating emerging EDCs. Currently, the relatively low public awareness of and political responsibility for (i) water source protection, (ii) water supply security, (iii) risk assessment (environmental and health), (iii) treatment efficiency, and (iv) future prediction are challenges for the creation of legislation and policies related to a safe drinking water supply. 6 This challenge is clearly observable when the public risk perception and actual drinking water quality are inconsistent, and the association is instead skewed. 14 In the context of improving risk governance and Fig. 1 Chronology of a major emerging concerns related to water pollution and b new and changes in water legislation in relation to industrialization. Based on the existing drinking water regulations, the commonly regulated drinking water quality parameters are inadequate based on the current exposure levels to EDCs in drinking water. Therefore, regulatory efforts are only required to ensure and maintain the good health and well-being of residents in regard to a safe drinking water supply. 15 Moreover, risk perception has a potential mediating influence on the development of risk behavior (e.g., preparedness, reduction, prevention, and mitigation). For example, the willingness to pay for improved drinking water quality and infrastructure is affected by the risk perception of consumers. Despite the individual differences in perceiving a risk, the likelihood of engaging in risk reduction behaviors is positively related to the level of perceived risk. 16 Thus, this article aims to identify the perception of the risks related to drinking water quality by the public. In addition, this article identifies the potential factors that influence the perception by the population of the risks related to EDCs in drinking water, which is also applicable to other water quality issues. By providing a better understanding of public risk perception in regard to human exposure and health risks, this article is intended to be a supportive tool for risk communication and management.
HUMAN EXPOSURE TO EDCS IN DRINKING WATER
Currently, EDCs have been observed in bodily fluids such as urine, blood, sweat, and breast milk. [17] [18] [19] EDCs are persistent and are dispersed into the environment through (i) wastewater treatment plant (WWTP) and sewage treatment plant (STP) effluents, (ii) human, livestock and animal excretion, (iii) manufacturing and application (e.g., medicine production and pest control), and (iv) environmental processes such as runoff and infiltration. 20, 21 Although the nature and extent of contact with EDCs have yet to be fully established, an overview of human exposure to EDCs in tap water is depicted in Fig. 3 . Recently, diverse contamination patterns for organophosphate flame retardants were observed across the drinking water supply (i.e., tap water, purified water, and bottled water) for Korean populations, and water purifiers were identified as a source of contamination and exposure. 7 Compared to adults, infants and children are particularly more susceptible to EDC exposure. Because humans in early life stages (infants and children) consume more drinking water on a body weight basis, infants and children could have higher exposure levels than adolescents and adults. 22 The daily intake of bisphenol A (BPA) via drinking water consumption for infants (1340 ng/day) is nearly ten times that for adults (148 ng/day) due to the higher levels of BPA leached from baby bottles compared to those leached from bottled water. 23 Other susceptible life stages include older adults (≥65 years of age) and pregnant and lactating women as their physiological properties change. 24 In addition, higher water intake rates were observed in pregnant and lactating women compared to control women, as weight gain during pregnancy and milk output during lactation require more water physiologically, contributing to prenatal exposure and impacting fetal development. 19, 25 Subsequently, humans are potentially exposed to EDCs daily, and there are possible health risks associated with drinking water intake.
HEALTH RISKS OF EXPOSURE TO EDCS IN DRINKING WATER
The presently negligible or low risk of human exposure to EDCs in drinking water should not be neglected. Lifelong water consumption has led to a pharmaceutical exposure level (<10% of a daily medical dose), even after the treatment of drinking water reduced the negligible risk by up to 80%. 26 The effects of human exposure to EDCs have not been fully elucidated to date because of the limited availability of epidemiological studies and experimental toxicology studies. The occurrence of EDCs in tap water is an increasing concern, as health impacts could occur with exposure to EDCs at magnitudes as low as ng/L or less, suggesting the need for a uniform system to investigate human populations with regard to exposure to specific EDCs and the direct health effects. 27, 28 Thus, this concern pertains to the health of humans and the population based on the occurrence of EDCs in the global drinking water supply (Fig. 2) . However, the actual risks, i.e., knowledge gaps, urgently need to be evaluated to confirm or disprove the effects of EDCs via drinking water consumption. In general, EDCs interfere with the endocrine system, particularly hormone signals, by antagonizing the modes of action and mechanisms of endogenous hormones, especially through nuclear receptors. 6 The disrupted endocrine system thus causes effects in exposed individuals and populations ranging from acute to chronic diseases, namely, epigenetic deregulation, immune effects, metabolic syndromes, reproductive abnormalities, behavioral changes, disrupted fetal development and growth, neurological disorders, and abnormal cell proliferation. 27, [29] [30] [31] The consequences depend on several factors, including the age at exposure, exposure duration (both external and internal exposure), exposure magnitude (dosage), and presence of other pollutants. 32 In particular, the potential hormesis in pollutant exposure, which presents a nonlinear dose-response (low doses stimulate extremely adverse effects, while higher doses have no effect), remains largely unknown. 33 Due to their higher exposure levels (greater drinking water consumption based on body weight), infants and children have been subject to increased risks that are approximately six times greater than those in adolescents and adults. 22 Additionally, increased susceptibility has been estimated in pregnant and lactating women compared to control women, and the risk is inherent not only to the mother but also to the fetus or infant. EDC effects are of serious concern, as mortality and fertility rates impact population growth. Meanwhile, more attention should be allocated to the combined effects (additive, synergistic, potentiation, or antagonistic) of EDC mixtures (i.e., parent compounds, metabolites, and other chemical pollutants such as metals) ( Table 1) , which vary according to the exposure, dose and/or physiological target, although the precise mechanisms have yet to be determined. The interaction and toxicity of parent compounds and byproducts are associated with potential acute and chronic effects, although their occurrence in the water cycle, especially in drinking water, is relatively scarce. The photodegradation products are of less concern in drinking water because of the increasing use and importance of ultraviolet radiation for water disinfection and wastewater purification. Due to the profound risks of EDCs, preventive and intervention actions are required to regulate the occurrence of EDCs in the drinking water supply to ensure access to safe drinking water (Fig. 3) .
CURRENT PUBLIC-PERCEIVED RISKS OF EDCS IN DRINKING WATER
Currently, the perceived risks of EDC exposure via drinking water consumption remain unknown because the increasing interest is limited to the environmental risks and occupational health and safety risks of EDCs. This condition indicates a knowledge gap and undervalued perspectives of the occurrence of EDCs in drinking water and the subsequent detrimental influences on human health via drinking water consumption. The environmental risks and occupational health and safety risks of EDCs have been prioritized in regard to their increased manufacture and usage for a wide variety of applications, such as pesticides, surfactants, fragrances, pharmaceuticals, personal care products, flame retardants, and plasticizers ( Fig. 3) . To date, studies have mainly focused on risk perception, including (i) policy support (e.g., balancing between application and associated risk), (ii) safety behaviors (e.g., occupational health and safety practices), (iii) handling and disposal practices, and (iv) usage behaviors (e.g., purchase and overuse), influencing factors, and risk responses. [34] [35] [36] [37] [38] Nonetheless, studies have investigated tap water (with and without purifiers), bottled water, desalinated water, recycled water, private water supplies (domestic wells and groundwater), and the factors involved in perceiving and responding to risks (Table 2) . Rather than EDC content, studies have typically been limited to the physical properties (pH and turbidity), chemical contents (disinfectants, disinfection byproducts, nutrients, metals, and major ions), microbiological parameters (total coliforms and Escherichia coli), and organoleptic/aesthetic properties (taste, odor, and color) of water, while the public has a relatively low level of awareness. Because of the limited monitoring of EDCs in drinking water and the underdevelopment of epidemiological studies on EDCs, the role of the perceived risks in regulating EDC contents in the drinking water supply remains unknown. Moreover, this scarce line of research challenges the adoption of public involvement in the multibarrier approach to the monitoring and management of the drinking water supply system. 6 Notably, potential inconsistencies and imbalances between the actual and perceived risks are of concern because individual perceptions of risk could play an important role in implementing interventions to ensure safe access to potable drinking water. In a previous study, no association was observed between the perceived and actual quality of drinking water.
14 However, the communities had different opinions on the water quality from the same water system. Thus, there is a need to evaluate the gap in the risk perception and the causes of effective risk communication strategies, including goals and methods, as well as understandable and scientifically accurate communication materials (e.g., information types and formats). 39 
POTENTIAL FACTORS INFLUENCING THE RISK PERCEPTION OF EDCS IN DRINKING WATER BY THE POPULATION
The varying risk perceptions depend on the type of risk, risk context, personality of the individual, and social context. 15 In other words, risk perception can be reflected based on a rational system (i.e., analytical processing system) or a nonrational system (i.e., experiential processing system). 39, 40 The conceptual model of risk perception of environmental EDCs and drinking water quality (Fig. 4) depicts the potential factors that influence the perception of risk by the population of not only EDCs in drinking water but also other water quality issues.
RATIONAL RISK PROCESSING
Risk matrices, typically including likelihood and consequences, have commonly been used to assess risk characteristics and to rank the risk level. 41 In a previous study, laypeople perceived risks based on their analytical way of thinking about the probability of occurrence and severity of the consequences, whereas the latter category was found to be the primary determinant for laypeople to perceive risks. 39 Additionally, contextual factors (i.e., objective characteristics such as cost and convenience) are influential in consumer behavior and decisions. 42 However, risk characteristics (likelihood of occurrence, potential hazards, etc.) alone are inadequate to explain risk perception. 40 In contrast, risk perception is often influenced by cognitive and affective variables as much or more than influenced by risk characteristics (Fig. 4) . In particular, the rational system has failed to explain the risk perceived in low-risk communities, as individuals use experiential processing (i.e., collective experiences) when perceiving environmental risks. 39 However, at present, particularly in democratic societies with good education levels and accessibility to riskrelated information, laypeople might tend to process risk differently. Apparently, the contrary point of view requires detailed studies on the public-perceived risks of EDCs in drinking water and the significance of the interrelationship between dimensions of risks to understand the public risk perceptions of human exposure and the associated health risks.
NONRATIONAL RISK PROCESSING
Individuals' thinking and judgment about the seriousness and acceptability of risks are influenced by various factors, such as knowledge, attitudes, practices, experiences, emotions, and values. An individual's knowledge of the facts is an important determinant, as it may influence his/her judgments and decisions. 34, 42 Here, the misalignment between scientific and public knowledge of risk contributes to public confidence in water quality without regular testing. 10 For instance, Australian residents clearly discriminated between recycled and desalinated water based on water use, in that desalinated water was generally perceived as preferable for close to body uses, including for 14 days -Additive effect on hepatotoxicity and pathophysiological changes.
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-Induced behavioral changes, including swimming belly up, the presence of red gills, mydriasis, and anorexia. drinking. 43 Public acceptance and the willingness of the population to adopt alternative water resources and consider a range of applications have commonly been assessed based on knowledge of the environmental issues, health concerns, and the likelihood of using alternative water resources. In this context, willingness to pay is a risk outcome measure that is impacted by a risk behavior in compliance with perceived risk. 44 Individuals depend on social trust when they have limited knowledge or a limited technical background to assess risks themselves, which is also aimed at reducing the complexity of an issue. 45 Nonetheless, there are different dimensions of trust. Social trust reflects trust toward individuals in general or toward specific social groups (e.g., mass media and scientists/experts), whereas institutional trust represents the trustfulness of institutions functioning in a community (e.g., local authorities, governments, and nongovernment organizations). 46 Depending on the situation, there are salient values underlying social trust, probably including competency. Trust in authorities influences attitudes toward public goods and services, in that individuals with greater trust are expected to feel more confident about the status of drinking 49 With the strong predictive power of trust in risk perception, greater levels of institutional trust have contributed to an increased willingness to pay for drinking water quality improvement and greater acceptance of recycled water schemes. 15, 46, 47 Individuals exhibit risk behavior that is consistent with the belief that is formed based on the information they have, even though the process is always processed nonrationally (e.g., emotion and experience). 50, 51 Thus, beliefs in the likelihood and consequences of a hazard are predictive of risk perception. Subsequently, the beliefs produce attitudes, norms, intentions, and behaviors that are consistent with the beliefs. Additionally, beliefs about health, taste, water quality, lifestyle, the environment, and available alternatives have been observed to influence bottled water consumption, in that the belief strength varies significantly based on the rate of consumption. 51 For example, consumers that exhibit high bottled water consumption have low intentions to reduce their consumption. Prior experiences and sources of information, the differences in beliefs and perceptions about water type (e.g., tap water and bottled water), location (e.g., home and work) and intended use (e.g., direct and indirect consumption) determine water use. 43, 51, 52 Additionally, individual experiences potentially influence the choice of water resources, as risk perceptions and responses are sensitive to people's everyday lives and experiences, with direct experiences being more influential than indirect experiences. 43, 53 In addition, emotion resulting from previous experience affects trust and thus risk perception, with individuals with positive emotions having greater levels of trust and perceiving less risk than individuals with negative emotions. 15 Cognitive responses increase with the level of impact.
Moreover, social trust, which accounts for one of the most important components of social capital, has a significant influence on social norms and social networks through the perception that other community members act through similar means for the common good with shared perceptions. 42, 46 In contrast, sociocultural factors determine cognitive processes and introduce affective reactions based on different types of knowledge and/or attitudes to generate risk perception because knowledge is built through cultural values, social norms, and local experiences. 10 Additionally, the subsequent attitude resulting from direct experience (affective factor, i.e., experience) and media exposure (cognitive factor, i.e., social trust) is predictive of the willingness to pay for public safety. 54 Furthermore, a strong association between a belief (self-efficacy), social norm (descriptive norm), and attitude (instrumental and affective attitude) toward a safe water option contributes to the likelihood of combining social-cognitive factors (modeling perspective) and considering incorporating these factors in communication (intervention perspective). 12, 55 The interconnection among the different dimensions of risk perception is illustrated in Fig. 4 and further explained below.
Risk perception is driven by sociocultural identity, particularly through variations in personal beliefs and the values shared with others (social identity) as well as beliefs in subjective norms (cultural identity). 45 For example, in a previous study, the perceived hazards in China and the US in response to different risk contexts differed as a function of culture. 56 Moreover, cultures (i.e., national, regional, organizational, and professional cultures) with societal and individual beliefs have influenced the implementation of water safety plans in urban water utilities. 57 Additionally, a more reliable use of value orientations serves as a proxy for modeling cultural influences. In terms of environmental concern, value orientation is commonly classified into (i) egoistic values (i.e., personal basis), (ii) socio-altruistic values (i.e., basis of costs or benefits to human groups such as a community, ethnic group or all of humanity), and (iii) biospheric values (i.e., basis of costs or benefits to the ecosystem). 58, 59 Moreover, egoistic and altruistic values have positive impacts on promoting watersaving behavior, while biospheric values positively influence water consumption behavior. 60 Biospheric values emphasize the social influences on environmental concern and are more strongly correlated with risk perception than egoistic and altruistic values. 59 As values act as guiding principles in life and the foundations of beliefs and behaviors, value orientation could be predictive of public risk perception and behavior regarding drinking water quality.
In addition, the tendency of an individual to comply with social norms (individuals act through similar means for the common belief in and good of the community) influences his/her tendency to pay for better drinking water quality. 46 Descriptive norms describe common actions in a given situation (what most others do), whereas prescriptive norms refer to expected behavior that should be performed in a given situation (what most others approve or disapprove of). 61 In the context of social norms, descriptive and prescriptive norms (that are aligned and made salient) are important in ensuring positive changes in behavioral intention. 62 In conclusion, the perception of the risks related to drinking water quality in regard to EDCs could be explained by a social-psychological model that combines and integrates cognitive, experiential, and sociocultural factors and that incorporates sociodemographic variables, which are discussed below.
SOCIODEMOGRAPHIC VARIABLES IN RISK PROCESSING
In addition, the actual or perceived proximity to a potential risk may differ by sociodemographic group, thus affecting the risk perception of drinking water quality (amplification or attenuation effects) because sociodemographic factors are associated with many life outcomes. For example, the influences are clearly observable when education determines the risk processing method and accelerates a positive risk outcome. 12, 39, 49 Perceiving risks and making choices are different between age groups. For instance, older adults (aged 40-60 years) are more aware of and willing to consider the environmental hazards of consuming pharmaceuticals compared to younger adults (aged 20-39 years). 34 Moreover, children have been observed to increase the salience of issues to parents (i.e., safe access to potable drinking water), thus leading to a higher willingness to pay for safe tap water. 49 Apart from that observation, the social cognition of risk perception and behavior occurs and varies between individuals and across development. 63 A significant development of social cognition has been observed during human adolescence, which is a life stage characterized by broad behavioral and environmental changes, while the social influence effects decreased with age.
Subsequently, several studies have emphasized the need to explore risk perception, risk behavior, decision making, and public satisfaction with regard to drinking water quality based on sociodemographic differences (i.e., age, gender, educational level, and income) ( Table 2) . Thus, knowing the demographic differences may help strategize communication by targeting communication materials to specific subgroups.
SOLUTIONS TO ACCELERATE PUBLIC-PERCEIVED RISKS OF EDCS IN DRINKING WATER: RISK COMMUNICATION AND GOVERNANCE
Other than preventive measures during the monitoring and management of a drinking water supply system to reduce human exposure to the risks associated with EDCs in drinking water (Fig. 3) , effective communication and governance are required to promote risk mitigation through improved quantitative understanding, accurate arithmetic judgments, and enhanced behavioral changes. Interventions are implied as essential in improving the perceived risks associated with drinking water quality for the development of risk preparedness and risk mitigation behavior; thus, monitoring and regulating possible EDC contamination in drinking water supply to ensure safe access to potable water are essential as well (Fig. 5) . The solution is expected to be applicable for filling the knowledge gaps in the occurrence of EDCs in drinking water and the associated health risks. In this context, top-down and bottom-up approaches demonstrate support for community-based risk governance with two-way interactive communication, whereby both approaches have the same goals in managing the associated risks and improving risk perception via different paths. The top-down approach (multiple stakeholders, such as the government, that frequently initiate the formulation of the vision for future directions) directs (shifts or maintains) attention toward or away from risk. Simultaneously, the bottom-up approach (public, i.e., community that often develops and experiments with new approaches to meet the challenges as they view them) creates salient values in risk processing. Thus, the two-directional approach contributes to a combination of current scientific knowledge and policy analysis (top-down collected knowledge) and local knowledge, experiences, and perceptions (bottom-up information gathered via public observations). For example, the environmental policy and governance decision-making process requires not only involvement from multiple stakeholders but also public participation, whereby the public subsequently becomes another specific stakeholder. Meanwhile, all relevant information must be made accessible, and sufficient attention should be paid to the public during decision making. Nevertheless, the balance between the two-directional approach of governing is highly challenging for sustainable governance.
Local and social networks (i.e., neighborhood networks, media or government messaging) are keys to circulating knowledge of risks and translate risk knowledge into routine water testing behaviors. 10, 60 When individuals adopt the behaviors or attitudes of others whom they communicate with in a social network, social contagion of risk perception and behavior develops in this dynamic social network, depending on the interpersonal networks. 64 Furthermore, stronger and more frequent contagion affects the interactions between experts and laypeople (expert-tolayperson) more than those interactions among experts (expertto-expert) alone or only between laypeople (layperson-to-layperson). 65 A better theoretical understanding of how risk perceptions function in social systems contributes to effective communication, which is essential to risk management. The impacts are clearly applied in the two-directional orientation of communication and governance.
However, selecting the most appropriate risk communication device to be used is an important aspect of communicating a change in risk. Certainly, there is reduced effectiveness in communicating risks and maintaining trustworthiness and credibility by means of dry presentations of analytical facts, especially when individuals process information experientially. 40 Typically, visualization (i.e., graphical aid) is a beneficial method for communicating health risks, as the design of graphics strongly influences perception. 66 The risk ladder, a commonly applied visual aid, has been proposed as more effective than a square grid because risk ladders increase the understanding of a risk by providing clear and useful information. 67 For instance, a risk ladder affects choice behavior and increases the willingness to pay for reducing the environmental or health risks of micropollutants. 68 CONCLUSION AND RECOMMENDATION Because environmental EDCs exhibit (i) ubiquitous occurrences in the water cycle (wastewater-aquatic system-drinking water), (ii) challenges in removal efficiency, cost effectiveness, and sustainable development for the whole treatment and remediation system, and (iii) profound effects on the environment, public health, and the economy, policy makers (e.g., local authorities, regional authorities, and the provincial government) have a mandatory responsibility to establish legislative regulations to protect a nation's water resources. The current negligible risks of drinking water might not have a substantial impact on human health, but long-term exposure (accumulation of EDCs as low as ng/L to mg/L and the combined effects of EDC mixtures) could contribute to the significant health risks. EDC occurrence in the drinking water supply and the potential health risks associated with EDCs via drinking water consumption should not be neglected since EDC monitoring in drinking water is limited and evidence of the risk of human exposure and data from epidemiological studies are underdeveloped. However, one cannot say there are no potential risks of EDC consumption via daily drinking water intake; thus, the potential risks and knowledge gaps should be urgently evaluated to confirm or disprove this. Apparently, scientific efforts are solely required to fill this knowledge gap to ensure safe access to drinking water. These efforts concern not only the scientific community but also the public, thus challenging the adoption of preventive and mitigation measures in regulating EDCs in drinking water. This aspect is a challenge for the scientific community that works on evidence/ data in nature and the extent of contact with EDCs; thus, the public is not expected to demonstrate good risk behavior (e.g., awareness and concern) and participation.
The strengths, weaknesses, opportunities, and threats (SWOT) analysis (Fig. 6 ) depicts the idea of (i) revisiting drinking water quality from the perspective of potential EDC exposure and human health risks and (ii) introducing risk communication and governance prior to safe access to drinking water. There is a need to build a basis of public knowledge and awareness to reach a better understanding of the issues related to drinking water quality relative to the hazards surrounding EDCs, which is the way forward for safe drinking water. Throughout community-based risk governance with two-way interactive communication, improved public awareness and political responsibility could support legislative and policy making for safe drinking water. Overall, an in-depth focus on the public-perceived risks of EDCs in drinking water and the potential factors influencing the risk perceptions of a population are required to understand the public risk perceptions of human exposure and the associated health risks. It is also important to capture the complex dynamic of the public in perceiving risks for effective communication and governance, including the dissemination of information on safe drinking water quality and public participation in regard to EDCs.
Currently, revisiting drinking water quality with preventive and intervention measures should be prioritized to prevent the scenario of "drinking the undrinkable". Providing a comprehensive understanding of the nature and extent of EDCs in the drinking water supply system, governing regulatory efforts and Fig. 6 Strengths, weaknesses, opportunities, and threats (SWOT) analysis of drinking water threats as the way forward for safe drinking water, formulating the need for preventive and intervention measures for a a better understanding of the nature and extent of EDCs in the drinking water supply system, b adequate regulatory efforts and communication, c effective dissemination of information on safe drinking water, and d active public involvement communication, disseminating information on safe drinking water, and giving the public the right to a voice in decision making are universally relevant and peremptory to all countries for regulating EDCs in drinking water supply systems and minimizing the associated health risks. Nonetheless, these concerns should be given toward the drinking water quality as a whole, not merely the emerging issue of EDC contamination in tap water. After all, the potential supply of EDC-containing tap water requires much more attention as their presence is not publicly known.
